INTRODUCTION

Optimization techniques can be used in a variety of fields in engineering. The aim of using such techniques is mostly to reduce the cost while keeping performance in an acceptable range. The terms "cost" and "performance" may have different meanings in different applications. Optimization task can also be offline or online. Online Optimization is mostly used for applications which optimization variables can be altered during operation. Duration of calculations is of a great importance in such applications. In offline optimization the time matter is of a less importance; However, Mistakes and malfunctions cannot be undone. Machine optimization task is classified in offline category. The design optimization of electrical machines is of a great importance because once the machine is manufactured, It is hardly possible to change its properties. In this paper design optimization of a disk permanent magnet machine is discussed. This machine is planned to be used in a microturbine-generator set and that is the reason it is called a "Microgenerator"
DISK PERMANENT MAGNET MACHINE
The structure "Disk Permanent Magnet" was proposed by P.Campbell [1] in 1974 as a concept structure. The structure was proposed to be used in small-scale low speed applications because of its relatively high power and torque density. This structure has been used in a variety of low-speed applications such as ship propulsion drives and electric vehicles. Carricchi et al. [2] and Eastham et al. [3] have been utilized this structure in most of these applications while Lipo et al. [4] have suggested a sizing equation and design algorithm and some ways lead to improvement in performance of the machine. Using this structure as a high-speed microgenerator was proposed by K.R.Pullen, S.Etemad and R.Fenocchi [5] in late 80`s. This structure, which is used in this paper, contains n stator disks sandwiched between n+1 rotor disks. The field flux of the machine is obtained from arc-shaped or trapezoidal permanent magnets, which have been stuck or , in order to avoid probable mechanical problems, have been placed into some empty slots on the rotor disks. The stator disk consist of some flat windings, which are normally shaped similar to permanent magnets in order to use the magnet surface optimally. Stator does not have an iron yoke or any other ferromagnetic material. This is for avoiding extremely high eddy current losses due to high speed of the machine. Flux path is totally axial so rotor disks must be installed on the shaft so that the opposite magnetic poles face each other. Two cross sectional and three dimensional views of this structure are shown in figures (1) and (2) The magnetic flux closes its path in the two ends of the machine via a ferromagnetic ring installed on the two ending rotor disks. This is essential for the machine to work properly.
DESIGN AND NO-LOAD ANALYSIS
The main goal of presenting a design algorithm in this case of optimization is to obtain an initial point for optimization task and choose reasonable constraints. The design algorithm consists of several parts such as general dimensions, windings and permanent magnets. It is mainly based on general sizing equation [6] . It is also essential to calculate the main parameters of the machine, mostly air gap flux density, from decision variables introduced in next section. An equivalent magnetic circuit for this machine is shown in fig.3 Fig ( 
OBJECTIVE FUNCTIONS
Two separate objective functions have been selected for this machine
Efficiency
Efficiency is one of the most important characteristics of the machine. It should be noted that efficiency is calculated while the output power of the machine is kept constant. It means that increasing the efficiency results in decreasing the input power or losses. Losses in disk permanent magnet machine are divided into three parts:
• Cupper losses • Eddy current losses • Mechanical losses It should be noted that no iron loss is present in this machine because the only ferromagnetic parts (iron rings) rotate at exactly the same speed of the field. Cupper losses can be calculated from the equation below:
Where: if the section of the conductor is rectangular the factor 32 must be replaced with factor 24. Stranding of the conductor has a great effect on decreasing the eddy current losses of the machine. The total amount of eddy current losses can be calculated as below:
Where D strand is the diameter of each strand and V cu is total volume of cupper used in the machine. Mechanical losses into two major parts: fan and bearing losses. Because the shaft rotates in a very high speed, air bearings are mostly used, therefore bearing losses can be neglected. Fan losses can be calculated as below: [5] 
Cost of Manufacturing
Cost of manufacturing also consists of cost of raw materials and industrial operations. The most important raw materials uses in the machine are cupper, iron and permanent magnets, which the latter is responsible for a major part of the cost. Cost of industrial operation is also divided into several parts: shaping of permanent magnets, pressing of stator disks and manufacturing of rotor disks. The cost of manufacturing can be calculated from the equation below:
Where C mech and C mech,manu are called "mechanical costs" or "equipment costs" and considered as a percentage of other costs. It should be noted that the first part of the equation represents the cost of raw materials while the second part represents cost of industrial operations.
DECISION VARIABLES
Choosing proper decision variables is an important task in optimization. It is also essential to determine the constraints, which variables are limited to. 9 decision variables have been chosen for this machine, which are as follows:
• External diameter (100mm< <200mm): the maximum value for this parameter is chosen due to mechanical constraints. The minimum value is also chosen to meet the desired output power. It should be noted that permanent magnet thickness in two ending rotor disks is twice of the middle ones.
• Pole arc to pole pitch ratio (0.7< δ <0.95). It is obvious that this value should also be smaller than 1 and it also must not be very small. Power and torque density and also efficiency are widely affected by this value.
• Diameter of strands (0.1mm< <1mm): the minimum value of this parameter is chosen due to market limitations. The maximum value is of a less importance because it will be shown that this parameter mostly takes values near its minimum. Powell's search method is one of the most efficient and reliable zero-order methods. Zero-order methods are those which do not need the derivatives of the objective function to work. As it is clear, the objective function in optimization of electric machine is too complicated and mostly non-linear. That is the reason that zero-order methods are more suitable for this type of optimization. Despite all mentioned above and unlike the other optimization methods mentioned later, Powell's method is a mathematicbased method. The key point in this method is quadratic approximation of the objective function. In this algorithm n+1th search direction is derived from a combination of previous n directions. A flow chart of this algorithm can be seen in fig. (4)   Fig (4) Powell's search method Genetic Algorithms (GA) [8] This evolutionary algorithm, which does not need any derivatives of the objective function, Is bases on the principles of genetic and natural selection. The main idea is generating some agents in the search domain, make a crossover among the best of them to obtain new agents called children and start the algorithm all over again. A flow chart of this algorithm is shown in fig (5) 
Fig (5) Genetic Algorithms
Particle Swarm Optimization (PSO) [9] Presented in 1995 by Kennedy and Eberhart, Particle swarm optimization is another evolutionary algorithm which is based on moving a group of animals such as a flock of birds or a school of fish to search for food. In the beginning, a number of agents are created in the search domain. The moving direction of each agent is obtained from the equation below:
Where: pbest : The best point that each agent has ever been in gbest: The best point that has ever been found by all agents V: Initial velocity of the agent Rand(): A random generator function And fac 1 and fac 2 are accelerator factors which both are mostly set to 2. Another accelerator factor can be multiplied V.
C C I I R R E E D D
18 th International Conference on Electricity Distribution Turin, 6-9 June 2005 As it is obvious from the results, the trend when cost of manufacturing is considered is due to decrease in dimensions of the machine. In case of efficiency usually the diameter of the machine decreases while machine becomes longer. It is also obvious that some variables have taken the constraint values, which means that there might be a more decrease or increase in them if a larger search area is considered. By comparing three methods, it is also clear that the performance of PSO is much better than the other two because the results of this method are better in various objective functions. The results of GA is almost closed to PSO while both of them are much better than Powell's ones. The results of Powell's method also vary in a wide range which makes it unreliable to use in comparison with two other methods.
RESULTS AND COMPARISON
